Unusual clinical course Background:
Unusual Sites of High-Grade Neuroendocrine

Background
Neuroendocrine tumors (NETs) represent a diverse group of rare neoplasms arising from cells of the neuroendocrine system. NETs most commonly originate in the gastrointestinal tract, although they may originate anywhere in the body due to the wide distribution of the neuroendocrine system [1] [2] [3] . Despite their malignant histopathological appearance, the majority of NETs are slow-growing with an indolent nature. Thus, the term 'carcinoid' was originally applied to describe a subset of these neoplasms, referring to their behavior as 'cancer-like' as opposed to the more aggressive behavior observed in other carcinomas [4] [5] [6] . However, advances in our understanding of the endocrine-related properties of these tumors resulted in progressive abandonment of this sobriquet and subsequent reclassification as neuroendocrine neoplasms [7, 8] .
NETs share a unifying feature in their ability to produce and secrete different peptides and neuroamines [9] . This hormone hyperactivity can therefore produce a wide array of clinical signs and symptoms. Nonfunctional, or non-hormone-secreting NETs, tend be more indolent, and symptoms from this subset of malignancies are usually caused by the mass effect of the tumor itself, often resulting in delayed presentation and diagnosis at a more advanced stage.
Attempts to achieve a unifying classification system of NETs to guide management has been frustrating, and current international grading systems incorporate histological characteristics such as tumor differentiation and tumor grade. Under the 2010 World Health Organization classification scheme, NETs may be classified as grade (G) 1 NETs, G2 NETs, and G3 neuroendocrine carcinomas, which have small-cell and largecell subtypes. These histologic grades are assigned based on mitotic counts and the Ki-67 labeling (proliferation) index. Neuroendocrine carcinomas (NECs) are poorly-differentiated NETS and resemble small-cell neuroendocrine carcinomas of the lung. They are characterized by a high mitotic count and Ki-67 index, and are the most aggressive NET subtype, and thus have the worst prognosis [10] .
We present 6 patients with unusual sites of high-grade, poorly-differentiated neuroendocrine carcinomas which highlight the heterogenous nature of this aggressive subtype and difficulties with regards to management. We also conducted a literature review and discuss the ever-changing classification system of these unique malignancies.
Case Report
Patient #1: Small-cell neuroendocrine carcinoma of the cervix A 29-year-old woman presented with a lesion on her cervix which was observed during childbirth. She was asymptomatic prior to giving birth. An MRI pelvis demonstrated a large exophytic lesion arising from the lower cervix and distending and distorting the endocervical canal close to the external os (Figure 1 ). This frond-like exophytic mass lesion measured at least 72×43 mm. The lesion expanded to the lower cervix and extended into the upper vagina. There was also a suspicious small lymph node identified in the left obturator station, measuring 10 mm. A staging CT revealed no distant metastasis. Six weeks postpartum the cervical lesion was biopsied. Histopathology revealed fragments of mostly necrotic tumor which focally expressed keratin (CAM 5. She commenced chemotherapy and received 4 cycles of cisplatin and etoposide, which was well tolerated. She then received consolidative radiation to the pelvis and a dose of 45 Gray (Gy) in 25 fractions (Fr) followed by 2 brachytherapy sessions. A restaging MRI pelvis reported a complete response, with no residual tumor seen. She proceeded to prophylactic cranial irradiation with 30 Gy in 10 fractions. She remains in remission 9 years after diagnosis.
Patient #2: Small-cell neuroendocrine carcinoma of the gallbladder A 69-year-old woman presented with a 4-month history of upper-abdominal discomfort.
She attended her General Practitioner who requested an ultrasound, which revealed gallstones. The patient elected to proceed to surgery and underwent a cholecystectomy. Histopathological examination of the gallbladder specimen revealed small-cell undifferentiated carcinoma with focal tumor necrosis and invasion into the lymphovascular space and liver parenchyma. The tumor was focally positive for CD56, and Ki-67 labeling index showed a high proliferation rate with almost 100% staining (Figure 3) . A staging CT revealed liver metastases and necrotic regional lymph nodes (Figure 4) . She received cisplatin and etoposide and tolerated treatment well. A restaging CT after 3 cycles revealed a reduction in size of the coeliac axis and porta hepatis lymph nodes. However, there were new multiple liver metastases within the right lobe of the liver. She remained clinically well and proceeded to second-line FOLFIRI. Her treatment course was complicated by 2 admissions due to nausea and severe hyponatremia caused by paraneoplastic syndrome. After 4 cycles, she was admitted with increasing shortness of breath and right sided pleuritic chest pain. A CT pulmonary angiogram revealed no evidence of a pulmonary embolism but reported progressive liver disease. She deteriorated clinically over the next few days and died 6 months after her initial diagnosis. carcinoma ( Figure 5 ). Immunohistochemistry revealed positivity for neuroendocrine markers CD56 and thyroid transcription factor 1 (TTF-1) (Leica Microsystems, Newcastle Upon Tyne, UK, 1: 100). A staging CT revealed thickening of the wall of the mid-oesophagus corresponding to the site of the ulcer seen on esophago-gastroduodenoscopy (OGD) ( Figure 6 ). There was also mediastinal lymphadenopathy and multiple bilobar liver metastases reported on imaging.
She proceeded to 3 cycles of carboplatin and etoposide, which she tolerated well. A restaging CT to assess response revealed significant reduction in size of the mediastinal adenopathy, oesophageal thickening, and focal liver lesions. She completed a further 3 cycles of chemotherapy and remained clinically well. However, a restaging CT revealed progression of disease in the liver as well as interval enlargement of the mediastinal lymph nodes. revealed metastatic neuroendocrine carcinoma. Staining was positive for CD56, synaptophysin and neuron-specific enolase (NSE) (Dakocytomation, Hamburg, Germany, 1: 1500). Ki-67 labeling index showed a proliferation index of approximately 90%.
Despite her disease appearing to be refractory to treatment, she remained well both clinically and biochemically, with normal liver function. She started third-line chemotherapy with single-agent irinotecan. During treatment she suffered from increased nausea, vomiting, and diarrhea.
Approximately 20 months after her initial diagnosis, after 6 cycles of third-line chemotherapy, she presented to the Emergency Department with seizures. A CT brain revealed multiple enhancing lesions identified at scattered sites bilaterally in the cerebellum and cerebrum, consistent with brain metastases ( Figure 7) . A CT revealed progressive metastatic disease in the liver and several small retroperitoneal lymph nodes. She received palliative whole-brain radiation therapy (30 Gy in 10 treatments). She was discharged home with palliative care support but continued to deteriorate and died 6 weeks later.
Patient #4: Small-cell neuroendocrine carcinoma of the ovary
A 71-year-old woman presented with a 2-month history of abdominal swelling and increasing discomfort, nausea, reduced appetite, and fatigue. Physical examination revealed a palpable pelvic mass. A routine blood panel was within normal limits. However, CA-125 was noted to be elevated at 1170 U/ml. She completed 6 cycles of palliative cisplatin and etoposide and tolerated treatment well. A restaging scan revealed a good partial response, with a reduction in size of the pelvic mass. The peritoneal nodularity and ascites had resolved. Her images were discussed at the oncology MDM and, in view of the residual disease, consolidative irradiation was recommended. She received external beam radiation therapy to the residual pelvic mass, receiving a total dose of 50 Gy in 25 treatments.
She remained on surveillance, but a restaging CT 3 months later showed significant recurrent disease throughout the abdomen and pelvis. She elected to proceed with second-line chemotherapy in the form of CAV. Treatment is ongoing.
Patient #5: High-grade neuroendocrine carcinoma of the prostate A 62-year-old man was diagnosed with an adenocarcinoma of the prostate, Gleason score 6 (3+3), in 2010. He was treated with radical radiotherapy and brachytherapy as well as hormonal therapy for 6 months. Six years later, although asymptomatic, a gradually rising PSA led to a repeat prostatic biopsy. Histopathological analysis revealed the presence of prostatic carcinoma in almost all biopsy specimens. In addition, immunohistochemistry revealed strong positivity for synaptophysin, and less intensive but definite positivity for CD56 and chromogranin A, supporting a diagnosis of high-grade neuroendocrine carcinoma ( Figure 10 ).
An MRI pelvis revealed a prostatic adenocarcinoma with left para-aortic, right internal iliac, and left external iliac lymphadenopathy, stage T3bN2Mx ( Figure 11 ). The right seminal vesicle and right neurovascular bundle were also involved by disease. A staging CT revealed numerous bilateral lung nodules however these were felt to be related to his history of sarcoidosis. To date he has received 5 cycles of cisplatin and etoposide. Treatment is ongoing.
Patient #6: High-grade neuroendocrine carcinoma of the urinary bladder
A 67-year-old woman presented with a 3-week history of painless hematuria. Cystoscopy demonstrated a sizeable bladder mass for which she underwent a transurethral resection of a bladder tumor. Histology revealed a high-grade poorly-differentiated neuroendocrine carcinoma of the bladder, large-cell type, with deep submucosal and detrusor invasion. Ki-67 labeling index showed a very high proliferation fraction of virtually 100%. The tumor stained positive for CD 56 and synaptophysin. Staging investigations revealed very mild diffuse thickening along the central and right lateral aspect of the urinary bladder fundus, consistent with the macroscopic location of the bladder tumor. There was no evidence of metastatic disease or regional lymphadenopathy ( Figure 12 ). She had indeterminate pulmonary nodules possibly related to a 30-pack-year history of smoking and was not felt to be suspicious for metastatic disease. Thus, final staging of the tumor was pT3N0M0.
She received a radical treatment of radiotherapy (50 Gy in 25 fractions) with concurrent systemic chemotherapy (4 cycles of cisplatin and etoposide), which was well tolerated. She continued on surveillance with regular cystoscopies and remains well with no evidence of disease recurrence at 2.5 years since diagnosis.
Discussion
Neuroendocrine tumors (NETs) are a heterogenous group of unique neoplasms that originate from cells of the diffuse neuroendocrine system, and may be found throughout the body [9, 11] . NETs are most commonly observed in the gastrointestinal tract and lung, where a rich supply of these cells can be found. The cells of the neuroendocrine system are characterized by their ability to produce polypeptide hormones and biogenic amines, such as catecholamines and serotonin, which can also be found in neurons [12, 13] . This hormone hypersecretion can result in dramatic clinical symptoms and management can be challenging.
The most recent data from Ireland reports an incidence of 4.6 cases of invasive NETS (excluding those of the lung) per 100 000 population per year [14] . Since 1994, there has been a fairly steady increase in cases, thought to be due to more sensitive imaging techniques. Previously, the prognosis of these patients was poor, with a 5-year relative survival (RS) for all invasive NETs of 35-50%. However, this has dramatically improved with more radical surgical approaches and the development of systemic treatment options, with 5-year survival rates now at 75-95% [14] [15] [16] .
The majority of NETs are sporadic and risk factors for tumorigenesis are poorly understood. A genetic component has also been recognized. Mutations in genes promoting neuroendocrine carcinogenesis have been observed in inherited genetic syndromes, including MEN types 1 and 2 and von HippelLindau syndrome (VHL) [1, 5] . Approximately two-thirds of sporadic NETs are found in the diffuse endocrine system of the gastrointestinal tract, which functions to regulate secretion, absorption, and motility of the gastrointestinal tract [17] . Pancreatic NETs include insulinomas, gastrinomas, VIPomas, and glucagonomas. Another one-quarter occur in the lungs and thymus. Catecholamine-secreting tumors (e.g., pheochromocytomas and paragangliomas), medullary carcinoma of the thyroid, chromophobe pituitary tumors, small-cell lung cancer, and Merkel cell tumors are also included.
NETs are typically slow-growing, and the term 'carcinoid' was originally coined to describe their cancer-like morphology [6] . The histology of carcinoid tumors was initially described by Langhans in 1867 [18] , and Lubarsch was the first to report 2 cases of ileal carcinoid tumors at autopsy in 1888 [19, 20] . The german pathologist Obendorfer was credited with applying the term carcinoid to describe their unique characteristic in exhibiting carcinoma-like morphology under the microscope despite their relatively benign clinical behavior. Advances in microscopic and immunohistochemistry techniques led to further comprehension of their endocrine-related properties, subsequently leading to their reclassification as neuroendocrine neoplasms.
NETs have the unique potential of secreting hormones and vasoactive peptides, and can thus be further classified as functional, or hormone secreting, or nonfunctional. This characteristic gave them another sobriquet of APUDomas, assigned due to their high amine precursor uptake (L-DOPA and 5-hydroxytryptophan) and their high content of the enzyme amino acid decarboxylase [4, 9, 11] . The release of the monoamine neurotransmitter serotonin and its 'flushing' effect was first described by Kulchitsky in 1953, but fewer than 10% of patients suffer from the 'carcinoid syndrome' of flushing, hypotension, diarrhea, wheezing, and heart disease caused by hormone overproduction [4] . While nonfunctional tumors may also secrete peptides, which are as yet undetectable, these tumors tend to be more aggressive and present at a more advanced stage, with metastases observed in approximately 40% of patients at diagnosis [21] . Symptoms are largely due to the mass effect caused by tumor bulk and can cause symptoms such as abdominal pain or jaundice caused by biliary obstruction [1, 22] . Weight loss, nausea, and vomiting are also frequently observed [1, 23] . Attempts to classify NETs to facilitate prognostic indicators have been frustrating, and to date there is no universal classification system for NETs of all tumor sites. The nomenclature of NETs has evolved considerably over the last few decades. Originally, the 1980 WHO classification focused on staining techniques to classify NETs into enterochromaffin cell, gastrin cell, and other carcinoids [7] . However, in 1995 the term carcinoid was replaced by the term neuroendocrine tumor (NET) [7, 8] . Initially NETs were classified into 4 groups (I to IV) based upon size and angioinvasion: benign, benign or low-grade malignant, low-grade malignant, and high-grade malignant. The WHO 2000 classification then used degree of differentiation to divide NETs from the GI and pancreatobiliary tracts into well-differentiated endocrine tumors, well-differentiated endocrine carcinomas, and poorly-differentiated endocrine carcinomas [24] . Well-differentiated endocrine tumors were further classified into benign tumors and low-grade malignant tumors, based on the tumor size, mitotic rate, Ki-67 labeling index, lymphovascular invasion, and sites of metastases [24] . Poorly-differentiated endocrine carcinomas encompass small-cell and large-cell carcinomas and are considered high-grade malignant tumors. However, both well-differentiated and poorly-differentiated endocrine carcinomas are invasive cancers with the ability to metastasize to distant organs [24] .
The most recent histological classification system of the European Neuroendocrine Tumor Society (ENETs) and the World Health Organization (WHO) incorporate tumor differentiation and grade, which often correlate with mitotic count and Ki-67 proliferation index [10] . In general, the majority of NETs fall into one of 3 broad histological categories ( Increased mitotic rate and high Ki-67 labeling index are associated with a more aggressive clinical course and worse prognosis, and are most often observed in the poorly-differentiated, grade 3 subtypes, which may be further divided into small-cell and large-cell variants [25, 26] . The proliferative rate in most cases of these grade 3 NECs is well in excess of the cutoffs proposed to distinguish them from well-differentiated NETs (>20 percent Ki-67 labeling index, >20 per 10 high-power fields [HPF] mitotic rate). Furthermore, recent studies have suggested this new classification system better reflects behavior and can predict metastatic potential and risk of recurrence, but some studies suggest anatomical site should also be included in this system [27, 28] .
While NECs are included in many published studies of NETs of the digestive system, they represent a distinct subgroup, with aggressive clinical behavior resembling that of small-cell carcinoma or large-cell NEC of the lung. In the largest series of poorly-differentiated pancreatic NEC, 88% of the patients had lymph node or distant metastatic disease at presentation, reflecting their high growth fraction and propensity for early dissemination [29] . The median survival was 11 months (range 0 to 104 months), and the 2-and 5-year survival rates were 22.5% and 16.1%, respectively, markedly worse than their grade 1 and 2 counterparts [29] .
This heterogeneity associated with NETs creates a diagnostic dilemma. Limitations in diagnostic imaging modalities led to the publication of the Delphi consensus, which aimed to standardize diagnostic imaging of neuroendocrine tumors [30] . Anatomic imaging in the form of CT, MRI, PET, transabdominal ultrasonography, GI endoscopy, and endoscopic ultrasonography may be used to evaluate staging and achieve a tissue diagnosis. Functional imaging, in the form of somatostatin receptor scintigraphy (SRS) using radiolabeled octreotide, also provides a useful diagnostic adjunct in well-differentiated subtypes as they may target receptors, uptake pathways, or metabolism unique to NETs. Furthermore, combined use of anatomic and functional imaging has been proven to increase the accuracy of staging in the diagnosis of NETs [31] .
Serology is also important in the identification of various circulating biochemical markers and can be used as a diagnostic adjunct as well as an indicator of tumor burden and response to therapy. Immunohistochemistry (IHC) markers commonly used to demonstrate neuroendocrine differentiation include chromogranin A, a secretory granule in large dense-core vesicles of neuronal and neuroendocrine cells, and their levels appear to be highest in carcinoid tumors, MTCs, and pheochromocytomas [32] . Chromogranin B, neuron-specific enolase (NSE), and urinary 5-HIAA quantification may also be useful [9] .
Our first patient was diagnosed with small-cell neuroendocrine carcinoma of the cervix, based on focal positivity for synaptophysin and chromogranin A, and strongly positive when stained for CD56 and other IHC markers associated with NECs. NECs of the cervix are a rare clinical entity, observed in only 1-3% of all cervical tumors [33, 34] . These tumors may be associated with local aggression and involvement of papillomavirus, typically observed in cervical cancer, as well as early dissemination of the disease, which is observed in small-cell NECs of any site.
Our second patient was diagnosed with a neuroendocrine carcinoma of the gallbladder (GB), which is extremely rare, representing only 0.2% of all NETs [35, 36] . Most cases are detected incidentally during histological examination after cholecystectomy. It is postulated that GB NETs originate from either a multipotent stem cell or neuroendocrine cells in intestinal or gastric metaplasia of the gallbladder epithelium, which occurs following cholelithiasis and or chronic inflammation [35] .
Large-cell NECs of the oesophagus, as described in our third patient, have only been described in isolated case reports, with a reported incidence between 0.05% and 2.4% [25, [37] [38] [39] [40] [41] .
Primary ovarian carcinoma of small-cell subtype, diagnosed in our fourth patient, is also a rare clinical entity, with an incidence of less than 1%. We know of only 1 case series of 11 patients with this type of histopathology published in the literature [42] . In two-thirds of the patients, small-cell ovarian neuroendocrine carcinomas are associated with paraneoplastic hypercalcemia, but the calcium levels in our patient were in the normal range. This tumor tends to occur in younger women and is associated with poor prognosis. The 1-year survival rate is 50%, with an overall 5-year survival rate of approximately 10% [43] .
Small-cell NEC of the prostate is another rare origin of highgrade NETs that is responsible for less than 0.5-1% of all prostate cancers and is classically associated with a more aggressive clinical course and poor prognosis [44, 45] . This tumor can occur concomitantly with adenocarcinomas or as isolated disease, and approximately one-half have mixed tumors [46] . Furthermore, PSA levels do not correlate with burden of disease, as was the case in our patient [47] .
Finally, NECs of the urinary bladder are rare, as over 90% of cancers of the bladder are urothelial carcinomas, and the 2 most common non-urothelial epithelial malignancies of the bladder are squamous cell carcinomas and adenocarcinomas. NECs of the bladder are thought to represent only 0.5-1% of primary bladder malignancies [48, 49] .
The primary treatment for NECs is surgical resection and should be attempted even if the tumor size is small or slow-growing, as it may relieve symptoms of excessive hormone production. However, surgery as a single-treatment strategy is rarely curative. Rates of relapse after radical surgery are high, thus guidelines recommend platinum-based adjuvant therapy in this setting [10] . In patients who are not surgical candidates due to comorbidities or tumor localization, a definitive course of radiotherapy and chemotherapy may be a reasonable alternative approach.
A multimodality approach is recommended in advanced disease, and systemic chemotherapy plays an important role. While overall survival of patients with metastatic NECs treated with chemotherapy varies widely (from 7 to 19 months), it still represents a considerable improvement over those opting for best supportive care (1 month) [10] .
Despite a lack of large prospective trials, platinum-based chemotherapy is considered the standard treatment based on extrapolation of data from small-cell lung cancer, with response rates in the largest, most recent series of approximately 30% and median survival of around 1 year [10, [50] [51] [52] [53] [54] [55] . Of note, greater response rates have been reported in those patients with high Ki-67 values (greater than 55%), observed in the more aggressive NECs (42% vs. 15%), although a poorer survival (10 vs. 14 months) was also reported when compared to those patients with lower Ki-67 values (less than 55%) [56] . Evidence for salvage therapy in patients progressing on firstline platinum-based regimens is limited; however, oxaliplatinbased (FOLFOX) or irinotecan-based (FOLFIRI) regimens have produced response rates of 23-40% in small series [10, [56] [57] [58] [59] .
Of interest, several studies, predominantly based on pancreatic NETs, have raised questions that challenge the assumption that poorly-differentiated histology and high tumor grade are equivalent [60] [61] [62] [63] [64] . These studies report a small subset of patients with NETs that appear histologically well-differentiated, with fewer than 20 mitoses per 10 HPF (G2 by mitotic count) but are associated with high Ki-67 proliferation indices (>20%) that fall into the G3 range. The clinical behavior of this intermediate group appears more aggressive than in well-differentiated G2 tumors but less aggressive than the poorly-differentiated NECs [60, 65] . Optimal management of this select subgroup is unclear, but clinical data suggest the G3 well-differentiated NETs are less likely to respond to platinum-based chemotherapy than are poorly-differentiated NECs, thus alternative therapeutic strategies may be needed [66] .
With regards to well-differentiated NETs, management with long-and intermediate-acting somatostatin analogues (lantreotide and octreotide, respectively) has become an important component of therapy for carcinoid tumors. These agents are useful in controlling symptoms due to the frequent tumor expression of somatostatin receptors such as somatostatin receptor 2 (SSTR-2) [66] . Use of long-acting somatostatin analogues has led to symptomatic response rates of up to 75% in functional NET and temporary tumor shrinkage in 9% [67, 68] . Unfortunately, the use of these agents is rarely associated with tumor regression [5] . Recent advances, however, in our understanding of the molecular pathogenesis of these neoplasms has led to the development of molecular therapies targeting the mammalian target of rapamycin (mTOR) and tyrosine kinase receptors, such as everolimus and sunitinib, respectively, and has resulted in improved survival even in some patients with advanced disease [5] .
Finally, the role of prophylactic cranial irradiation (PCI) in highgrade, poorly-differentiated neuroendocrine carcinomas is unclear. While extrapulmonary small-cell neuroendocrine cancer may share certain features with pulmonary NECs, as mentioned above, previous studies have shown differences in etiology, clinical trajectory, and survival [69, 70] . Furthermore, the incidence of brain metastases appears to be lower than in pulmonary SCLC; therefore, PCI is not routinely recommended [69] [70] [71] [72] . Research with larger series is needed to further evaluate the potential role for PCI [73] .
Conclusions
The prognosis for patients with NETs has improved considerably with the evolution of their classification system, coupled with more aggressive surgical intervention. Therapeutic advances for well-differentiated NETs have also contributed with the development of long-acting somatostatin agonists and targeted second-line therapy. Recent studies have demonstrated that advanced disease may have 5-year survival rates as high as 77% to 95% when treated aggressively with resection of primary tumor and adjunctive therapy, representing a marked improvement when compared with older studies reporting a much lower survival rate of 36% at 5 years [56] .
NECs, however, constitute a more aggressive subtype with a rapid clinical course, and survival and prognosis are markedly worse in these patients. This case series highlights 6 unusual presentations of this aggressive subtype, showing its heterogeneity and difficulties in management. While similar cases have been described in isolated case reports, to our knowledge this is the largest case series describing the broad and diverse origins of NECs. There is also evidence to suggest that the classification of grade 3 poorly-differentiated NECs may continue to evolve, improving our therapeutic approach to optimize patient outcomes.
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